Soybean cooking drain from a miso factory was treated by ultrafiltration and reverse osmosis to study the separation of low molecular weight solutes from high molecular weight ones, the recovery of valuable matters and the removal of BOD. The drain contained protein and sugar as valuable matters, and these components were fractionated and recovered by choosing appropriate ultrafiltration and reverse osmosis membranes.
Removal of BOD, however, was insufficient, even though the tight reverse osmosis membrane was employed. High molecular weight solutes contained in this drain formed gel layer on membrane surface in both ultrafiltration and reverse osmosis and this layer affected water and solutes permeation phenomena. Performances of membranes with gel layer were very similar to those obtained in our previous studies treating model solutions.
Ultrafiltration and reverse osmosis have been recently applied in many industrial fields, particularly in the food industry because these processes can avoid heat damage and loss of volatiles and heat. There are a great number of reports concerning applications to the food industry, and many review articles about the applications to juice processing, 9) industries relating to sugars, 2) protein concentration7) and various food processings10) have been published. These membrane processes are expected to be applied more widely in the food industry hereafter.
Effluents from various food industries usually contain valuable matters, such as proteins and sugars, and the recovery of them is very important from the viewpoint of resources saving. Also regarding the waste water treatment, reduction of biochemical oxygen demand (BOD) is also very important. The membrane separation process is expected to be possible to recover the valuable matters and to reduce BOD simultaneously.
In this study, soybean cooking drain from a miso (fermented soy paste) factory was treated by ultrafiltration and reverse osmosis as an 
Results and Discussions
Characteristics of membranes and feed solution Characteristics of molecular weight cut-off of ultrafiltration membranes determined are shown in Fig. 1 . Rejection ability of a membrane is approximately expressed by the observed rejection, Robs, defined as (1) where Cb, and G are the concentrations of bulk and permeate solution, respectively. These determinations were carried out at 4 kg/cmcm2 for membranes T4 and T5 and at 8 kg/cmcm2 for T2, at constant velocity, 58cm/s (4l/min).
Pure water permeabilities of ultrafiltration and reverse osmosis membranes are listed in Table 1 . Pure water permeability, Lp, is defined as (2) Fig. 1 Rejection characteristics of ultrafiltration membranes ber 55 corresponds to soybean whey, namely rather small polypeptide whose molecular weight is below 10 000. The large peak near fraction number 75 is considered to correspond to free amino acids because the the lowry method used detects it, and to low molecular weight peptides.
Changes of flux and rejection with time Changes of flux and observed rejections of TC and TN obtained in ultrafiltration experiment, and changes of flux and observed TC rejection in reverse osmosis experiment are shown in Fig. 4 and 5, respectively. In both cases, permeation fluxes decrease rapidly because of the formation of the gel layer on membrane surface, and reach a constant value of steady state within about 1 h in ultrafiltration and within about 3 h in reverse osmosis. As these steady state fluxes coincide independent on the kinds of membranes, it is considered that the volume flux is completely controlled by the gel layer. The periods to reach the steady state in both ultrafiltration and reverse osmosis agree very well with the results of model solution experiments mentioned in the previous study . 4)5) Furthermore, it is clear as illustrated in these figures that rejections reach the steady state values much more quickly than fluxes in both cases, but they have different values in contrast with fluxes.
Effects of operating conditions on ultrafiltration performances Effects of feed velocity on fluxes and observed rejections of TC and TN, obtained with memranes T4 and T5, are shown in Fig. 6 . Although there are small differences among all membrane fluxes, the gel layers formed on these membrane surfaces completely control fluxes in this range of feed velocity. Increase of feed velocity reduces the permeation resistance of the gel layer, so that flux increases with an increase in feed velocity. These results agree very well with those of model solution experiments explained in our previous study.4) Observed rejections of TC and TN obtained with membrane T4 were higher than those with membrane T5. This means that, under these experimental conditions, gel layers formed do not control completely rejection performances.
Effects of pressure obtained with membranes T4 and T5 are shown in Fig. 7 . It is clear that fluxes are completely controlled by gel layers at the pressure above 2 kg/cmcm2, because fluxes of all membranes have a constant value not depending on pressure above this value.
Observed rejections of TC and TN increase with increase of pressure. This result can be explained by the fact, which is shown in our previous work,6) that the gel layer has the rejection ability and this ability becomes large as pressure rises, namely the gel layer resistance grows up.
Reduction of BOD With regard to the waste water treatment, reduction of BOD is a very important subject, Table 3 Rejections of BOD by ultrafiltration Table 4 TC and BOD rejections by reverse osmosis and in this study it was first examined by ultrafiltration.
Results are listed in Table 3 . Rejections of BOD obtained with membranes T2 and T4 are almost equal to those of TC, but both values of membrane T5 do not coincide. TC rejection of membrane T5 is about 30% as illustrated in Fig. 4, 6 and 7, while its BOD rejection is about 10%. This membrane T5 has low rejection ability to low molecular weight solutes, and these solutes have high BOD potential. Therefore, BOD rejection of this membrane is considered to be smaller than TC rejection.
As shown in Table 3 , the removal of BOD by ultrafiltration is not sufficient. Then, that was examined by using reverse osmosis membranes, and the results were listed in Table 4 with TC rejection.
Rejections of BOD almost agree with those of TC in this reverse osmosis case, too, and there are small differences among membrane used. BOD value of permeate passed through membrane 999, which has the highest NaCl rejection, exceeds 2 000 ppm, and thus it is concluded that the removal of BOD is insufficient even if reverse osmosis is employed.
Reverse osmosis membranes used are made of cellulose acetate and this material usually shows very poor rejections for the low molecular weight organic alcohols, acids, ketones and aldehydes. Therefore, non-cellulosic membranes should be used for the reduction of BOD.
Fractionation by molecular weight Gel chromatograms of permeates through membrane T5 and 999, which are the loosest and the tightest membranes used in this experiment, respectively, are shown in Fig. 2 and 3 for sugar and protein.
As illustrated in these figures, membrane T5 completely rejects high molecular weight polysaccharides near fraction number 30, but slightly rejects low molecular weight oligosaccharides near fraction number 70. With regard to protein, soybean protein and whey near fraction number 30 and 55 are completely rejected, but low molecular weight peptides and free amino acids, particularly low molecular matters contained in the fractions above fraction number 70 almost permeate through membrane T5.
Reverse osmosis membrane 999 perfectly rejects all components of sugar and protein in this soybean cooking drain.
It is clear from these results that the separation of low molecular weight solutes, that is low molecular weight oligosaccharides and peptides and free amino acids, from high molecular weight compounds, that is soybean protein and whey and high molecular weight polysacchrides, is possible by using an ultrafiltration membrane. Moreover, these low molecular weight solutes are completely rejected by a reverse osmosis membrane.
Conclusion
To study the recovery of valuable matters and the reduction of BOD, soybean cooking drain from miso industry, which contains protein and sugar as valuable matters, was treated by ultrafiltration and reverse osmosis, and the following results were obtained.
(1) The gel layer formed completely controlled permeation flux and this could also reject solutes in both ultrafiltration and reverse osmosis.
(2) Effects of flow rate and pressure on the membrane performances under the conditions of gel layer formation were very similar to those obtained in the model solutions.
(3) Low molecular weight solutes could be separated from high molecular weight ones by choosing an appropriate ultrafiltration membrane, and the former could be recovered by reverse osmosis.
(4) Reduction of BOD was insufficient in both ultrafiltration and reverse osmosis. Appropriate reverse osmosis membranes made of non-cellulosic material should be selected for this purpose.
